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In the Minimal Supersymmetric Standard Model (MSSM) we present the corrections to the heavy neutral CP- 
even Higgs-boson production in the IVlV-fusion and Higgs-strahlung channel, e + e“ —> uu H, taking into account 
all 0(a ) corrections arising from loops of fermions and sfermions. While the H boson shows decoupling behavior 
at the tree-level, we find non-negligible loop corrections that can enhance the cross section considerably. At a 
center-of-mass energy of yfs = 1000 GeV, masses of up to Mh /$ 750 GeV are accessible at the LC in favorable 
regions of the MSSM parameter space. 


1. INTRODUCTION 

Finding the mechanism that controls elec- 
troweak symmetry breaking is one of the main 
tasks of the current and next generation of col¬ 
liders. The solution may be the Higgs mecha¬ 
nism within the Standard Model (SM), or within 
its most appealing extension, the Minimal Super- 
symmetric Standard Model (MSSM) [1], Con¬ 
trary to the SM, two Higgs doublets are required 
in the MSSM, resulting in five physical Higgs 
bosons [2]. While the discovery of one light Higgs 
boson might well be compatible with the predic¬ 
tions both of the SM and the MSSM, the discov¬ 
ery of an additional heavy Higgs boson would be 
a clear signal for physics beyond the SM. 

The Higgs sector of the MSSM can be expressed 
at lowest order in terms of M z , Ma (the mass of 
the CV -odd Higgs boson), and tan/3 = U 2 /V 1 , the 
ratio of the two vacuum expectation values. In 
the decoupling limit, i.e. for Ma > 200 GeV, the 
heavy MSSM Higgs bosons are nearly degener¬ 
ate in mass, Ma « M H ss M H ±. The couplings 
of the heavy, neutral Higgs bosons to SM gauge 
bosons are proportional to (V = Z , W±) 

VV{h,H} ~ VA{H,h} ~ {sin, cos}(/?— a), (1) 
where a is the angle that diagonalizes the CP- 


even Higgs sector. In the decoupling limit one 
finds (3— a —> 7t/2, i.e. {sin, cos}(/3 — a) —> {1,0}. 

At the LC, the possible channels for heavy, neu¬ 
tral Higgs-boson production are the production 
via iv-boson exchange, 

e+e" -» Z* -> {Z,A}H (2) 

and the IVIV-fusion channel, 

e + e“ —> v e W + v e W~ —> v e v e H . (3) 

As a consequence of the coupling structure, in 
the decoupling limit the heavy Higgs boson can 
only be produced in (if, A) pairs. This limits the 
LC reach to Mh \/s/2. Higher-order correc¬ 
tions to the WW —> H channel from loops of 
fermions and sfermions, however, involve poten¬ 
tially large contributions from the top and bot¬ 
tom Yukawa couplings and can thus significantly 
affect the decoupling behavior. The same correc¬ 
tions may also contribute to the Higgs-strahlung 
channel, e + e _ —» Z* —> ZH. However, while this 
channel is suppressed with 1/s, the lUIU-fusion 
channels rises with log s. 

Electroweak loop effects on processes within 
the MSSM where a single Higgs boson is pro¬ 
duced have recently drawn considerable interest 
in the literature [3-8], see Ref. [3] for a detailed 
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overview, also including the SM case. It has 
been found that the processes e + e _ —» v e V e A [5], 
e + e _ —> Z* —-> H{Z,A} [6], and e + e~ —> 
W + H~ [7,8] only possess a small potential to pro¬ 
duce the heavy Higgs bosons with Mh ~ Ma ~ 
M h ± > y/s/ 2. Recently, the results for the one- 
loop corrections of fermions and sfermions to the 
process e + e~ —> vv H have been presented [3]. 
This process can be mediated via the ITIT-fusion 
and the Higgs-strahlung mechanism, see Fig. 1. 
In the latter case the Z boson is connected to 
a neutrino pair, e + e _ —> ZH —> ViviH, with 
l = e, /i, t (where the two latter neutrinos re¬ 
sult in an indistinguishable final state in the de¬ 
tector). While the well-known universal Higgs- 
boson propagator corrections turned out not to 
significantly modify the decoupling behavior of 
the heavy CV-eve n Higgs boson, an analysis of 
the process-specific contributions to the WWH 
vertex has been missing so far. We summarize in 
this paper the LC reach for the heavy CV-eve n 
Higgs boson, including also the effects of beam 
polarization in our analysis. 



Figure 1. The tree-level diagrams for the pro¬ 
cess e + e - —> vv H, consisting of the ITIT-fusion 
contribution (left) and the Higgs-strahlung con¬ 
tribution (right). 


2. THE CALCULATION 

Below we describe the loop corrections that en¬ 
ter the process e + e~ —> vv H at the one-loop 
level 1 . The contributions involve corrections to 
the WWH vertex and the corresponding counter- 
term diagram, see Fig. 2, corrections to the W- 
boson propagators and the corresponding counter 
terms, see Fig. 3, and the counter-term contribu¬ 
tions to the ev e W vertex, see Fig. 4. Further¬ 
more, Higgs propagator corrections enter via the 

1 Wc focus on the description of the loop corrections to 
the WW-fusion channel. However, the same corrections 
are taken into account for the Higgs-strahlung process. 


wave-function normalization of the external Higgs 
boson, see below. There are also IT-boson prop¬ 
agator corrections inducing a transition from the 
W± to either G ± or H ± . These corrections affect 
only the longitudinal part of the W boson and are 
thus oc m e /AIw and have been neglected. 



Figure 2. Corrections to the WWH vertex and 
the corresponding counter-term diagram. The la¬ 
bel f 'denotes all (s)fermions, except in the pres¬ 
ence of a f' 1 ', in which case the former denotes 
only the isospin-up and the latter the isospin- 
down members of the (s)fermion doublets. 



Figure 3. Corrections to the IT-boson propa¬ 
gator and the corresponding counter-term dia¬ 
grams. The labeling is as in Fig. 2. 
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Figure 4. Counter-term contributions entering 
via the e v e W vertex. 


While the renormalization in the counter terms 
depicted in Figs. 3 and 4 is as in the SM, the 
WWH vertex is renormalized as follows, 
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with r = ieMw / sw{sin, cos}(/3 — a). The 
counter-terms are given by 
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5Z e incorporates the charge renormalization 
and A r (which is due to the parametrization 
of the Born cross section with G M ), see [3]. 
The gauge-boson field-renormalization constants, 
SZ{ Wt z,-yZ}i drop out in the result for the com¬ 
plete S-matrix element. 

In order to ensure the correct on-shell proper¬ 
ties of the outgoing Higgs boson, which are neces¬ 
sary for the correct normalization of the S-matrix 


element, furthermore a finite wave-function nor¬ 
malization has to be incorporated [9]: 


pWF p(0) 

1 L H 


n — 1 r (0) /T— „ 

V Z H - 1 + 2 ^( 0 )y Z H Z hH 


• (5) 


The finite wave-function renormalizations are 
given in Ref. [3]. 

The evaluation of the Feynman diagrams and 
the further calculations have been done using 
the packages FeynArts , FormCalc , and Loop- 
Tools [10-12], The Higgs-boson sector evalua¬ 
tions have been performed with FeynFIiggs 2.0 [13, 
14]. The resulting Fortran code will be made 
available at www.hep-processes.de. 


3. NUMERICAL ANALYSIS 

The numerical analysis is performed in the 
“<r™ h ” (“enhanced cross section”) scenario, which 
is defined by 

m t = 174.3 GeV, M su sy = 350 GeV, 
X t = 2Msusy, Ab = A t , nig = 800 GeV 
H = 1000 GeV, M 2 = 200 GeV , (6) 

which, up to changes in the values for Msusy and 
H, is the well-known m“ ax scenario [15]. 

In Fig. 5 we show the result for the an evalua¬ 
tion in the crff h scenario for Is = 1 TeV. Assum¬ 
ing an integrated luminosity of 0(1 — 2ab _1 ), a 
cross section of er# = 0.01 fb constitutes a lower 
limit for which the observation of the heavy Higgs 
boson could be possible. We first focus on the 
left column, where the results are given with¬ 
out polarization of the e + and e~ beams. The 
upper row shows the tree-level cross section (in¬ 
cluding the finite wave-function renormalization, 
Eq. (5)). The middle row shows the a e ff approx¬ 
imation for <jh (which has mostly been used for 
phenomenological analyses so far), where the out¬ 
going Higgs boson is not on-shell. The lower row 
presents the result including the one-loop correc¬ 
tions. Two conclusions can be drawn: neglecting 
the wave function renormalization leads to con¬ 
siderable differences to the case in which the out¬ 
going Higgs boson is on-shell. Secondly, the loop 
corrections, Figs. 2-4, lead to a strong enhance¬ 
ment of the H production cross section. Instead 
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of Mh < y/s/2 = 500 GeV, now the observation 
up to Mh ~ 600 GeV seems to be possible. 


unpolarized polarized 



400 500 600 700 800 400 500 600 700 800 



Figure 5. The cross section for e + e _ vv H is 
shown in the cr|f h scenario in the Ma — tan/3- 
plane for y/s = 1 TeV. The different shadings 
correspond to: white: a < 0.01 fb, light shaded: 
0.01 fb < a < 0.02 fb, dark shaded: 0.02 fb < 
a < 0.05 fb, black: a > 0.05 fb. 


The prospects for observing a heavy Higgs bo¬ 
son beyond the kinematical limit of Mh %/s/2 
become even more favorable if polarized beams 
are used. The cross section becomes enhanced 
for left-handedly polarized e~ and right-handedly 
polarized e + . While a 100% polarization results 
in a cross section enhancement of roughly a fac¬ 
tor of 4, more realistic values of 80% polarization 
for e~ and 60% polarization for e + [16] would 
yield roughly an enhancement by a factor of 3. 
The right column of Fig. 5 shows the a^ h sce¬ 
nario with 100% polarization of both beams. The 


area in the Ma — tan 0 plane in which observation 
of the H boson might become possible is strongly 
increased in this case. Thus, in the case with 
beam polarization, taking into account the one- 
loop corrections, Mh 750 GeV could be ob¬ 
servable at y/s = 1 TeV. 

The question whether this enlarged reach in 
Mh is due to a special choice of MSSM param¬ 
eters is analyzed in Figs. 6, 7. We show the 
results for cth in the [i — MguSY-plane for Ma 
fixed to Ma = 600,700 GeV (Fig. 6, 7) and 
tan 0 = 4 with the other parameters chosen as 
in the r?z™ ax scenario. The a e g approximation 
is compared with the one-loop result (including 
also the finite wave-function renormalization). In 
the case of unpolarized beams (left columns) the 
a e ff result shows no region of observability in the 
/r — Msusy-plane for Ma = 600,700 GeV. How¬ 
ever, taking the loop corrections into account, 
c th becomes large enough to observe e + e~ —> 
Dv H in a sizable fraction of the /i — Msusy- 
plane (with Msusy 1$ 500 GeV). The situa¬ 
tion becomes even more favorable if besides the 
loop correction also polarization is taken into ac¬ 
count. For Ma = 600 GeV (Fig. 6) the whole 
/d — MgusY-plane possesses an observable an, 
even with an > 0.05 fb for Msusy 500 GeV. 
For Ma = 700 GeV, in the case of polarized 
beams, loop corrections enhance an to an ob¬ 
servable level for Msusy ^5 500 GeV for nearly 
all id values. Thus, an enhanced cross section, al¬ 
though clearly dependent on the chosen scenario, 
can be found in large parts of the MSSM param¬ 
eter space. 

4. CONCLUSIONS 

We have investigated the production of the 
heavy CP-even MSSM Higgs-boson at a future 
LC in the process e + e~ — » Dv H , which is dom¬ 
inated by the TVIV-fusion mechanism at higher 
energies. We have evaluated all one-loop con¬ 
tributions from fermions and sfermions, and we 
have implemented the numerically large process- 
independent Higgs-boson propagator corrections 
so that the correct on-slrell properties of the out¬ 
going Higgs boson are ensured. We find that in 
favorable regions of the MSSM parameter space 
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Figure 6. The cross section for e + e _ —> Do H is 
shown in the m™ ax scenario for Ma = 600 GeV 
and tan j3 = 4 in the p — Msusy plane for y/s = 
1 TeV. The color coding is as in Fig. 5. 

the genuine loop corrections can drastically en¬ 
large the parameter space for which detection of 
H becomes possible. In such a scenario, assuming 
polarized beams, at \fs = 1 TeV the detection of 
H could be possible up to Mh 750 GeV. 
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